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1.0 INTRODUCTION 

A wind tunnel investigation, consisting of flow-angularity measurements in the F-4C 
and A-7D aircraft flow fields, aerodynamic loads on the Super HOBOS weapons in the 
free stream and in the parent-aircraft flow fields, and separation trajectories of the stores 
from both parent aircraft, was conducted using a six-degree-of-freedom captive trajectory 
store separation system (CTS). The data were obtained at Mach numbers 0.65 to 1.6 
in the Aerodynamic Wind Tunnel (4T) of the Propulsion Wind Tunnel Facility (PWT) 
using 0.05-scale models of the parent aircraft and stores. The flow-angularity data were 
recorded under the left- and right-wing inboard pylons and centerline of the F-4C aircraft 
and under the left- and right-wing center pylons of the A-7D aircraft at selected axial 
and vertical positions. Parent aircraft angle of attack varied from -2-to 16 deg for sideslip 
angles of 0 and 9 deg. The free-stream aerodynamic characteristics of the MK-84 and 
SUU-54 Super HOBOS with fin tips retracted and extended were measured at angles of 
attack from -4 to 44 deg for roll angles of 0 and 22.5 deg. Additional free-stream data 
were obtained on the MK-84 configuration with one tip extended (a simulated failure 
condition) at angles of attack from -44 to 44 deg. Carriage-loads aerodynamic data for 
the MK-84 Super HOBOS were obtained at the inboard pylons for the F-4C parent aircraft 
at angles of attack from -2 to 16 deg at sideslip angles of 0, 4, and 9 deg. Additional 
aerodynamic data for the MK-84 Super HOBOS with fin tips retracted and extended were 
measured in the plane of the F-4C left- and right-wing inboard pylons and the A-7D 
right-wing center pylon at distances up to 20 ft (full scale) away from the pylons. Parent 
aircraft angle of attack varied from 0 to 8 deg at zero sideslip. Separation trajectories 
for the MK-84 and SUU-54 Super HOBOS (tips retracted) were initiated from the F-4C 
left- and right-wing inboard pylon, the A-7D left- and right-wing center pylons, and the 
A-7D right-wing outboard pylons using simulated full-scale store weights, center-of-gravity 
(eg) locations, dive angles, and altitudes. At a point on the store flight path approximately 
3.5 ft away from the pylons, continuation trajectories were initiated for the MK-84 and 
SUU-54 stores with fin tips extended, using initial positions and velocities as determined 
from the corresponding separation trajectories for the retracted-tip configurations. Parent 
aircraft angle of attack ranged from -1 to 10 deg at zero sideslip. 

2.0 APPARATUS 

2.1    TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable-density 
tunnel in which the Mach number can be varied from 0.1 to 1.3 and can be set at 1.6 
and 2.0 by placing nozzle inserts over the permanent sonic nozzle. At all Mach numbers, 
the stagnation pressure can be varied from 300 to 3700 psfa. The test section is 4 ft 
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square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls. 
It is completely enclosed in a plenum chamber from which the air can be evacuated, 
allowing part of the tunnel airflow to be removed through the perforated walls of the 
test section. 

Two separate and independent support systems were used to support the models. 
The parent aircraft model was inverted in the test section and supported by an offset 
sting attached to the main pitch sector. The store model (or flow-field survey probe) 
was supported by the CTS which extends down from the tunnel top wall and provides 
store (or probe) movement (six degreees of freedom) independent of the parent-aircraft 
model. An isometric drawing of a typical installation is shown in Fig. 1. 

Also shown in Fig. 1 is a block diagram of the computer control loop used during 
testing. The analog system and the digital computer work as an integrated unit and, utilizing 
required input information, control the store (or probe) movement. Positioning is 
accomplished by use of six individual direct-current (d-c) electric motors. Maximum 
translational travel of the CTS is ±15 in. from the tunnel centerline in the lateral and 
vertical directions and 36 in. in the axial direction. Maximum angular displacements are 
±45 deg in pitch and yaw and ±360 deg in roll. A more complete description of the 
test facility can be found in Ref. 1. A schematic showing the test section details and 
the location of the models in the tunnel is shown in Fig. 2. 

2.2    TEST ARTICLES 

The basic details of the 0.05-scale F-4C and A-7D parent models are presented in 
Fig. 3. The parent models are geometrically similar to the full-scale airplanes except that 
the F-4C tail section and A-7D horizontal tails are removed to minimize interference with 
CTS support movement. Details of the F-4 and A-7 pylons are shown in Figs. 4 and 
5, respectively. Details of the store models are given as follows: F-4, 370-gal fuel tank 
(Fig. 6a), F-4, 600-gal fuel tank (Fig. 6b), A-7, 300-gal fuel tank (Fig. 7), ALQ-131 
terminal-threat pod (Fig. 8), data link pod (Fig. 9), and Super HOBOS (Fig. 10). During 
the first test phase, the MK-84 Super HOBOS model with the wedge-shaped leading- and 
trailing-edge fins and strakes was used (Fig. 10a). For the second test phase, the fins 
and strakes for the MK-84 were modified (Fig. 10b) to match more closely those of the 
full-scale weapon. For both the MK-84 and SUU-54 models, interchangeable afterbody 
configurations were fabricated, each with a full set of retracted or extended fin tips. An 
additional afterbody configuration with one tip extended was also provided for the MK-84 
model. The normal orientation of this configuration (0 = 0) was with the extended tip 
on the lower right fin as shown in Fig. 10a. Data at 0 = 0 and 22.5 deg were obtained 
by rolling the support sting. Data at 0 = 90 and 112.5 deg were obtained with the store 
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model rolled 90 deg with respect to the balance. The Super HOBOS and data link pod 
store models were furnished by Rockwell International, Missile Systems Division, and all 
other test articles were obtained from the AEDC-PWT inventory. 

The probe used to obtain flow-field measurements was attached directly to the CTS 
and consisted of a single cone-cylinder with a 40-deg included tip angle (Fig. 11). There 
were four equally spaced static pressure orifices on the cone surface and a total pressure 
orifice at the cone apex. Typical tunnel installation photographs showing parent aircraft, 
probe, store, and CTS are shown in Fig. 12. 

23    INSTRUMENTATION 

Static and total pressures on the cone probe were measured with 5-psid transducers. 
A six-component internal strain-gage balance was used to obtain store aerodynamic force 
and moment data. Translational and angular positions of the store were obtained from 
CTS analog inputs during separation trajectories and from digital computer commands 
during aerodynamic and flow-field testing: The parent-model angle of attack was determined 
using an internal, gravimetric angular position indicator. The pylons contained a touch-wire 
system which enabled the store and probe to be accurately positioned initially with respect 
to the parent aircraft. The system was also wired to automatically stop the CTS motion 
and give visual indication should the store, probe, or sting support make contact with 
any surface other than the touch wire. 

3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

A complete test summary and the wind tunnel test conditions are given in Tables 
1 through 6. Aerodynamic, flow-field, and separation trajectory data^were obtained at 
Mach numbers from 0.6S to 1.6. Tunnel conditions were held .constant at the desired 
Mach number while the data were obtained. The trajectories were terminated when the 
store or sting contacted the parent-aircraft model or when a CTS limit was reached. 

3.2 DATA ACQUISITION 

3.2.1    Flow-Field Survey Data 

All' flow-field measurements were obtained in the pylon-axis system. Definitions of 
the positive directions of the flow-field velocity -vectors, flow angles, and probe 
displacements are given in Fig.-13. During testing, tunnel conditions were established and 
the probe tip was positioned at a known coordinate point relative to the parent aircraft. 
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At this position, initial-point data were obtained which oriented the computer program 
controlling CTS movement (see block diagram, Fig. 1). After the initital data were recorded, 
the computer automatically positioned the probe at preselected locations (see Table 2) 
where tunnel conditions and probe tip pressures were recorded. Using predetermined probe 
calibration data, the probe pressure measurements were reduced to flow-angularity data, 
and these were tabulated point-by-point with the same digital computer which controlled 
the CTS movement. 

3.2.2 Aerodynamic Loads Data 

Store aerodynamic data in the free stream and in the parent aircraft flow field were 
obtained in the following manner. After tunnel conditions were established and the aircraft 
model angle of attack was set (when applicable), the store was manually set at a, = 0 
(free-stream data) or at the carriage position (Xp = Yp = Zp = 0) (flow-field data) 
Operational control of the CTS was then switched to the digital computer, which controlled 
the store movement through commands to the CTS (see block diagram, Fig. 1). The 
preselected orientations and eg positions of the store programmed into the computer are 
given in Table 2. At each position set, the wind tunnel operating conditions and the store 
model forces and moments were measured and recorded. The model aerodynamic loads 
were then reduced to coefficient form and tabulated point by point by the digital 
computer. 

3.2.3 Trajectory Data 

To obtain a trajectory, test conditions were established in the tunnel and the parent 
model was positioned at the desired angle of attack. Operational control of the CTS was 
then switched to the digital computer which automatically oriented the store model at 
a position corresponding to the carriage location and then controlled the store movement 
during the trajectory through commands to the CTS analog system (see block diagram, 
Fig. 1). Data from the wind tunnel, consisting of measured model forces and moments, 
wind tunnel operating conditions, and CTS rig positions, were input to the digital computer 
for use in the full-scale trajectory calculations. 

The digital computer was programmed to solve the six-degree-of-freedom equations 
to calculate the angular and linear displacements of the store relative to the parent aircraft 
pylon (Ref. 2). In general, the program involves using the last two successive measured 
values of each static aerodynamic coefficient to predict the magnitude of the coefficients 
over the next time interval of the trajectory. These predicted values are used to calculate 
the new position and attitude of the store at the end of the time interval. The CTS 
is then commanded to move the store model to this new position and the aerodynamic 

10 
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loads are measured. If these new measurements agree with the predicted values, the process 
is continued over another time interval of the same magnitude. If the measured and 
predicted values do not agree within the desired precision, the calculation is repeated over 
a time interval one-half the previous value. This process is repeated until a complete 
trajectory has been obtained. 

In applying the wind tunnel data to the calculations of the full-scale store trajectories, 
the measured, forces and moments are reduced to coefficient-forrrrand then applied with 
proper full-scale store dimensions and flight dynamic pressure. Dynamic pressure was 
calculated using a flight velocity equal to the free-stream velocity component plus the 
components of store velocity relative to the aircraft, and a density corresponding to the 
simulated altitude. 

The initial portion of each launch trajectory incorporated simulated ejector forces 
in addition to the measured aerodynamic forces acting on the store. The ejector force 
was considered to act perpendicular to the pylon mounting surface. The ejector forces 
and locations along with other full-scale store parameters used in the trajectory calculations 
are listed in Table 5. 

3.3   CORRECTIONS 

Probe free-stream calibration data were used to obtain corrections to account for 
any minor misalignment in the probe pitch or yaw orientation. However, no attempt was 
made to correct the measured flow angles for deflections attributable to aerodynamic 
loading on the probe. 

Balance, sting, and support deflections caused by the aerodynamic loads on the store 
models were accounted for in the data reduction program to calculate the true store-model 
angles. Corrections were also made for model weight tares to calculate the net aerodynamic 
forces on the store model. 

In applying the aerodynamic data from the 0.05-scale model to the calculation of 
full-scale missile trajectories, minor corrections were made to the pitching-moment and 
yawing-moment coefficient data. Differences between the free-stream data from the present 
test and those in Refs. 3 and 4 were used to correct the 0.05-scale model data. Changes 
in the pitching-moment coefficient derivative (C„,a) were accomplished by shifting the 
apparent eg of the 0.05-scale model (in the pitch plane .only), whereas the 
zero-angle-of-attack intercepts (Cm0. and Cno) were adjusted by adding an incremental 
coefficient. These corrections (AXcg, Cmo, and Cno) are listed in Table 6 for each Mach 
number at which trajectory data were obtained. 

11 
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3.4    PRECISION OF DATA 

Uncertainties in the basic tunnel parameters, total pressure (pt), total temperature 
(Tt), and Mach number (M^, were estimated from repeat calibrations of the 
instrumentation and from repeatability and uniformity of the test section flow during 
tunnel calibration. These uncertainties were then used to estimate the uncertainties in 
other free-stream properties, using the Taylor series method of error propagation (Ref. 
5). 

Uncertainty, percent 

Free-Stream 
Mach Number AMM Apt ATt A<L. AP. AV„. ARe. 

0.65 ±0.3 ±0.1 ±0.4 ±0.5 ±0.2 ±0.4 ±0.6 
0.80 ±0.3 ±0.1 ±0.4 ±0.4 ±0.3 ±0.3 ±0.5 
0.90 ±0.3 ±0.1 ±0.4 ±0.3 ±0.3 ±0.3 ±0.5 
0.95 ±0.3 ±0.1 ±0.4 ±0.3 ±0.4 ±0.4 ±0.5 
1.05 ±0.5 ±0.1 ±0.4 ±0.4 ±0.6 ±0.4 , ±0.5 
1.20 ±0.8 ±0.1 ±0.4 ±0.4 ±2.0 ±0.6 ±0.5 
1.60 ±0.5 ±0.1 ±0.4 ±0.2 ±1.2 ±0.4 ±0.6 

The balance uncertainties, based-on a 95-percent confidence level, were combined 
with the uncertainties in the tunnel parameters, assuming a Taylor series error propagation, 
to estimate the precision of the aerodynamic coefficients. The maximum estimated 
uncertainties are given as follows: 

Uncertainty 

Free-Stream 
Mach Number ACN ACm ACy ACn ACg ACA 

0.65 ±0.11 ±0.06 ±0.11 ±0.05 ±0.03 ±0.03 
0.80 ±0.09 ±0.05 ±0.08 ±0.04 ±0.02 ±0.02 
0.90 ±0.08 ±0.04 ±0.07 ±0.04 ±0.02 ±0.02 
0.95 ±0.08 ±0.04 ±0.07 ±0.03 ±0.02 ±0.02 
1.05 ±0.07 ±0.03 ±0.06 ±0.03 ±0.02 ±0.02 
1.20 ±0.06 ±0.03 ±0.06 ±0.03 ±0.02 ±0.02 
1.60 ±0.04 ±0.04 ±0.03 ±0.03 ±0.01 ±0.02 

The estimated uncertainties in store model and probe positioning from the ability 
of the CTS to set on a specified value were ±0.08 ft (full-scale equivalent) in X, Y, 
and Z, ±0.15 deg in pitch and yaw, and ±1.0 deg in roll. The estimated uncertainties 

12 



AEDC-TR-74-103 

in parent-aircraft angles of attack and sideslip are ±0.1 and ±0.2, deg, respectively. From 
repeatability of measurement, the estimated uncertainties in CIXY and axz are ±0.4 deg 
at all Mach numbers. 

The trajectory data are subject to error from several sources including tunnel 
conditions, balance measurements, extrapolation tolerances allowed in the predicted 
coefficients, computer inputs, and CTS positioning control. Extrapolation tolerances were 
±0.10 for the aerodynamic coefficients. The maximum uncertainties in the full-scale 
position data caused by the balance inaccuracies are given below: 

Uncertainty 

Free-Stream 
Mach Number t AX AY AZ Ad A\j/ A0 

0.65 0.4 ±0.1 ±0.1 ±0.1 ±0.4 ±0.4 ±2.2 
0.80 0.4 ±0.1 ±0.1 ±0.1 ±0.5 ±0.5 ±3.3 
0.90 0.4 ±0.1 ±0.1 ±0.1 ±0.6 ±0.6 ±3.8 
0.95    „ 0.4 ±0.1 ±0.1 ±0.1 ±0.7 ±0.6 ±4.1 
1.05 0.4 ±0.1 ±0.1 ±0.1 ±0.4 ±0.4 ±2.2 
1.20 0.4 ±0.1 ±0.1 ±0.1 ±0.7 ±0.7 ±4.4 
1.60 0.4 ±0.1 ±0.1 ±0.1 ±0.5 ±0.5 ±3.0 

4.0 RESULTS AND DISCUSSION 

Data obtained during the test consisted of basic flow angularity measurements in 
the F-4C and A-7D flow fields, aerodynamic loads on the Super HOBOS stores in the 
free stream and in the flow fields of the parent aircraft, and separation trajectories of 
the stores launched from both parent aircraft. Summaries of the test conditions and data 
obtained are given in Tables 1 and 2, and test configurations are listed in Tables 3 and 
4. Because of the large volume of data obtained,_pnly representative data are presented 
herein. 

4.1    BASIC FLOW-FIELD DATA 

Flow-field measurements beneath the F-4C left-wing inboard pylon and the A-7D 
right-wing center pylon are presented in Figs. 14 and 15, respectively, for the clean aircraft 
(no adjacent stores). The upwash and sidewash angles are measured with respect to a 
line parallel to the pylon lower surface in the aircraft plane of symmetry. The two axial 
stations where measurements were obtained represented the estimated center-of-pressure 
locations for the strakes (Xp = 0) and fins (XP = -8.333 ft) of the MK-84 store in the 
carriage position. 

13 
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^ For both parent aircraft, deviations of the flow angles at Zp ■= 0 (carriage position) 
from the free-stream values were quite sensitive to parent-aircraft angle-of attack, with 
the larger deviations generally occurring at the higher a's. Also, differences in the flow 
angles between the two axial positions were in many cases several degrees. As would be 
expected, the flow angles tended to return to free-stream values as distance from the 
parent aircraft increased. At a distance of 20 ft away, deviations from the free-stream 
flow angles were generally less than 1  deg. 

4.2 FREE-STREAM AERODYNAMIC DATA 

The variation of the free-stream aerodynamic coefficients with angle of attack are 
shown in Fig. 16 for the MK-84 Super HOBOS store with fin tips retracted and extended 
(rounded leading-edge fins and strakes). At as = 0 the store was statically unstable with 
tips retracted and statically stable with tips extended at all Mach numbers. For the store 
with tips retracted, the pitching-moment variations were highly nonlinear at the higher 
angles of attack and trim conditions were obtained near as = 30 deg at the higher Mach 
numbers. The longitudinal stability and axial-force characteristics at a, = 0 of all the Super 
HOBOS models are presented in Fig. 17 along with the 0.25-scale model data of Refs. 
3 and 4. Comparison of the stability derivatives for the MK-84 stores with the different 
fin and strake configurations showed significant differences only in Cm<i for the tips 
retracted models. Axial-force coefficients were consistently higher for the store with 
wedge-shaped fins with both retracted and extended tips. For clarity, the stability 
derivatives for the 0.25-scale model are shown only where measureable differences between 
the two different scale models occurred. As may be seen, there were essentially no 
differences in the normal-force derivatives, and the small differences in the pitching-moment 
derivatives for the two different scale models can probably be attributed to the inability 
to accurately reproduce the true external shape at such a small scale (e.g., fin and strake 
leading edges and profile). 

4.3 AERODYNAMIC DATA IN THE AIRCRAFT FLOW FIELDS 

The aerodynamic characteristics of the MK-84 Super HOBOS, with tips retracted and 
extended, in the flow fields of both the F-4C and A-7D aircraft are presented in Figs. 
18 through 20. The carriage loads data were obtained with the sting-mounted store at 
the carriage position. The data of the store with rounded-leading-edge fins and strakes 
(Fig. 18) show that variations in the angle of attack or sideslip angle of the F-4C aircraft 
influenced all the coefficients. For the ß = 0 case (Fig. 18a), trends in the carriage loads 
data can be explained by an examination of the flow-angularity data (Fig. 14) and 
free-stream aerodynamic data (Fig. 16). As parent-aircraft angle of attack was increased, 
the flow angles in the pitch plane at the center of pressure of the strakes generally remained 
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equal to or became slightly larger than the free-stream flow angles, whereas those at the 
center of pressure of the fins decreased substantially. Therefore, when compared with 
the free-stream data at the same angle of attack, the carriage loads data should show 
a reduction in the normal-force coefficient and an increase in the pitching-moment 
coefficient, which was the case. Correspondingly, as parent angle of attack increased, 
outboard crossflow increased. This would result in the increased negative side force 
indicated by the carriage loads data. Since the free-stream data show a basically unstable 
store, the large negative side force would be expected to produce a large negative yawing 
moment. However, further examination of the crossflow angles show that angularities were 
larger at the center of pressure of the fins than at the center of pressure of the strakes, 
thus creating a restoring moment in the yaw plane. Therefore, for the same angle of attack, 
the store should be less unstable in yaw at the carriage position than at free-stream 
conditions, which the carriage loads data indicated. The increase in rolling-moment 
coefficient with parent angle of attack can be attributed to a crossflow shielding effect 
by the pylon on the two fins nearest the aircraft wing. 

The lateral coefficients were more significantly affected by changes in parent-aircraft 
sideslip angle (Fig. 180 for constant angle of attack as would be expected. It should 
be noted that the data for the store model on the aircraft left wing at positive aircraft 
sideslip angles can be considered equivalent to data for the store on the right wing at 
negative sideslip angles by reversing the signs of Cy, Cn, and Q. 

The aerodynamic loads data up to 20 ft away from the F-4C pylons for the store 
with the wedge-leading-edge fins and.strakes are presented in Fig. 19 for fin tips, both 
retracted and extended. Similar data for the A-7D aircraft are shown in Fig. 20. Comparison 
of the aerodynamic loads at the F-4C carriage position (Zp = 0) for the 
rounded-leading-edge fins (Fig. 18) and the wedge-leading-edge fins (Fig. 19) indicated 
some minor variations in the magnitudes of the coefficients. However, this was to be 
expected since similar discrepancies were noted in the free-stream data. The trends in 
the aerodynamic loads as distance between the store and aircraft increased could generally 
be predicted by an examination of the variations in the flow angle measurements. 

4.4   SEPARATION TRAJECTORIES 

The ejector-separated trajectories simulated release from the wing inboard pylons of 
the F-4C and the wing center and outboard pylons of the A-7D. Data showing the linear 
displacements of the store relative to the carriage position and the angular displacements 
relative to the flight-axis system are presented as functions of full-scale trajectory time. 
Positive X, Y, and Z displacements (as seen by the pilot) are forward, to the right, and 
down, respectively. Positive changes in 0, ty, and 0 (as seen by the pilot) are noac up, 
nose to the right, and clockwise, respectively. The full-scale store parameters used in 
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trajectory calculations are listed in Table 5, and the pitching-moment and yawing-moment 
corrections (see Section 3.3) applied to the store model data are given in Table 6. 

The separation characteristics of the MK-84 Super HOBOS (rounded-leading-edge fins 
and strakes) from the F-4C left wing inboard pylon with no adjacent stores are presented 
in Fig. 21. Initial trends in the trajectories could generally be predicted from a consideration 
of the carriage loads data (Fig. 18) and ejector forces. Only small deviations in the nose- 
left yaw rates were noted with variations in either parent-aircraft angle of attack or Mach 
number as supported by the carriage loads yawing-moment data, whereas the increased 
pitch-up characteristics with increasing parent angle of attack are clearly indicated by the 
pitching-moment data. As shown, there was little tendency for the unstable store (tips 
retracted) to recover in either pitch or yaw. However, when the tips were extended (about 
3.5 ft away from the aircraft), the stable store began to seek its trimmed condition. In 
a few instances, the stable store attempted to fly back toward the aircraft. At a = 1 
deg, an increase in the free-stream Mach number (Fig. 21h) resulted in faster rates of 
aft and outboard store movement. The pitch data showed increased pitch-up at MM = 
Ö.90 but increased pitch-down at MM = 1.20 when compared with the M^ = 0.65 data. 
The period of both the pitch and yaw motions seemed to decrease with increasing Mach 
number. 

Typical trajectories initiated from the inboard pylons for different F-4C load 
configurations are compared in Figs. 22 through 25. For the purpose of direct comparison, 
the signs on Y, ^, and 0 have been reversed on the right-wing trajectories to make them 
equivalent to the left-wing data. Configuration numbers in the figure headings followed 
by the letter "A" designate this change. When compared with data for the empty aircraft, 
data for models with adjacent stores on the aircraft centerline show that outboard travel 
and nose-left yawing generally increased, whereas opposite effects were noted with the 
370-gal fuel tanks on the outboard pylons at low angles of attack (Figs. 22 through 24). 
This would suggest increased crossflow with centerline store carriage and reduced crossflow 
for the outboard store carriage. Effects of the adjacent stores on the trajectory 
characteristics diminished as aircraft angle of attack increased, indicating that the aircraft 
flow field was becoming increasingly dominated by angle of attack. With the ECM pod 
in the missile well, effects on the trajectory data were similar to those of centerline store 
carriage (Fig. 25). Although the magnitudes of the pitch and yaw excursions for the MK-84 
and SUU-54 trajectories were sometimes different, basic trends in the separation 
characteristics for the two stores were similar (Fig. 26). 

Separation characteristics of the MK-84 store from the right-wing center and left-wing 
outboard pylons of the A-7D are presented in Figs. 27 and 28, respectively. At constant 
angle of attack, increasing the free-stream Mach number generally resulted in increased 
pitch-down and nose-outboard yaw of the store from both release positions. 
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5.0 CONCLUDING REMARKS 

Flow-angularity measurements in the F-4C and A-7D flow fields, aerodynamic loads 
on the Super HOBOS stores in the free stream and flow fields of both parent aircraft, 
and store separation trajectories from both parent aircraft were obtained at Mach numbers 
from 0.65 to 1.60 using 0.05-scale models. Based on test results, the following comments 
can be made: 

1. Crossflow at the F-4C and A-7D wing pylon carriage positions increased 
as parent-aircraft angle of attack increased. 

2. At a distance of 20 ft from the pylons, the measured flow angles were 
very nearly equal to free-stream conditions. 

3. Comparison of the free-stream aerodynamic characteristics for the 0.05-scale 
models of the present test and the 0.25-scale models of Refs. 3 and 4 
showed reasonable agreement for both the MK-84 and SUU-54 Super 
HOBOS. 

4. Trends in the aerodynamic loads at the carriage position could generally 
be predicted from the flow-field and free-stream aerodynamic data. 

5. Initial trends in the separation trajectory data could generally be predicted 
from the carriage loads data. 
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Figure 12.   Tunnel installation photographs showing parent aircraft, 
probe, store, and CTS. 
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Note: 

1) 

2) 

+ajj2 indicates upwash with respect to probe longitudinal axis, 
+otXY indicates sidewash outboard on the right wing and 
inboard on the left wing with respect to the probe longi- 
tudinal axis. 

a.   Coordinate system 
Figure 13.  Axis system defining directions and angles for flow-field measurements. 
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Figure 21.  Separation characteristics of the MK-84 store from the F-4C 
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Figure 22.   MK-84 trajectory comparisons for the F-4C with and without the 
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Figure 24.  MK-84 trajectory comparisons for the F-4C with 370- and 
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Figure 27.  Separation characteristics of the MK-84 store from the A-7D 

left-wing center pylon with no adjacent stores. 

118 



AEDC-TR-74-103 

SYMBOL 1 ■ CONFIG ALTITUDE DIVE TIPS 

0 0.90 2.3 22 20K 60 RETRACTED 
□ 0.90 1.5 22 5K 0 
A 0.90 3.5 22 20K 0 
0 0.90 5.0 22 35K 0 
• 0.90 2.3 32 20K 60 EXTENDED 
♦ 0.90 5.0 32 35K 0 \ 

(►-^•> 

-8 

^s; 

n 

Oi 

-4 
fe& 

-8 

1? 

16 

12 $ 
j 
r 

8 / 
) 

4 / 
r 

H« 
* 

0 F 

0< 
w- 

30 

20 

10 

0 

-10 

-20 

-30 
30 

20 

10 

'S 

•10 

-20 

-30 

11 s 
ou 

40 

01 h-. 

T ►«. 
^ to 

iin 1 * 

0    0.2  0.4   0.6  0.8   1.0 0     0.2   0.4   0.6   0.8   1.0 

b.   M.. = 0.90 
Figure 27. Continued. 

119 



AEDC-TR-74-103 

STWOL K m CONFIG ALTITUDE OIVE TIPS 

0 0.95 2.3 22 20K 60 RETRACTED 
□ 0.95 1.5 22 SK 0 1 
A 0.95 3.5 22 20K 0 1 
O 0.95 5.0 22 35K 0 t 
♦ 0.95 5.0 32 35K 0 EXTENDED 

4 

0 

-4 

-8 

8 

4 

0 

-4 

-8 

-12 

z~5E~E: 

0     0.2   0.4   0.6   0.8   1.0 

t 

30 

20 

10 

0 

-10 

-20 

-30 
30 

20 

10 
r 

0 

-10 

-20 

-30 
80 

40 
» 

0 

-40 

— 
i 

i 

i 
i 

^s 
*> * 

*7*~ 
i 

iS i 

PI ks 
h- A ( i i 

i 

i 
t 

» 

0     0.2   0.4   0.6   0.8    1.0 
t 

c.   1^ = 0.95 
Figure 27.  Concluded. 

120 



AEDC-TR-74-103 

SYMBOL N, « 
O 0.65 «1.9 
D 0.65 5.5 
A 0.65 8.7 
• 0.65 M.9 
■ 0.65 5.5 

CONFIG ALTITUDE 01VE 
21 20K 30 
21 20K 0 
21    20K     0 
31 20K 30 
31 20« 0 

TIPS 
RETRACTED 

I 
EXTENDED 

I 

U 

0 

-4 

-8 

8 

U 

0 

-8 

-12 

I 
1 

T! ,4- i 
• r 1 

mm 

30 

20 

10 

0 

-10 

-20 

-30 
30 

20 

10 

0 

-10 

-20 

-30 
80 

U0 

i 1 1 
X j 

1/ i 

^SP^K ^i^ 

^5 fs 
i -Of^ 

-- — — 
■ 

1 
—■#—- 

i i 
1 i 

t 

i ; 

i ■ 

— |        —m ——        I I 

— — — — —- —« ■■■ t 
I ! 
I I 

0.2   0.4   0.6   0.8   1.0 0.2   O.i]   0.6   0.8    1.0 

a.  MM-0.65 
Figure 28.  Separation characteristics of the MK-84 store from the A-7D 

right-wing outboard pylon, launch configuration 21. 
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STMBOL t m CONFIG ALTITUOE DIVE TIPS 

0 0.90 3.3 21 20K 60 RETRACTED 
□ 0.90 2.5 21 5K 0 
A 0.90 4.4 21 20K 0 
© 0.90 8.9 21 35K 0 
• 0.90 3.3 31 20K 60 EXTENDED 
■ 0.90 2.5 31 5K 0 \ \ 
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b.   M„. = 0.90 
Figure 28.  Continued. 
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SYMBOL Hi « 
O 0.95 3.3 
0 0.95 2.5 
A 0.95 O.il 
O 0.95 8.9 
• 0.95 3.3 

CONFIG «.mure DIVE 
21 20K 60 
21 SK 0 
21. 20K 0 
21 35K 0 
31 20K 60 

TIPS 

RETRACTED 

EXTENDED 

I H-^1%«^^ 
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c.   MM = 0.95 
Figure 28.  Concluded. 

123 



Table 1.  Wind Tunnel Test Conditions 

M 
CD Pt. Psfa 

1200 

Tt, °R 

550 

Pa,. Psfa 

900 

q«- psfa 

270 

V,,,, ft/sec Re. xlO-6, ff
1 

0.65 720 2.0 

0.80 1100 550 720 320 860 2. 1 

0.90 900 560 530 300 970 1.8 

0.95 900 560 500 320 1010 1.8 

1.05 1000 560 500 390 1100 2. 1 

1.20 1100 560 450 460 1230 2. 3 

1.60 800 560 190 340 1510 1.6 
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Table 2.  Test Summary 

Store Tipa b. iiog as. deg 
M- 

" 
0.65 0.80 0.90 0.95 1.05 1   20 1.60 Typo Data 

MK-84(w)(n) Retracted, 
Kxtended 

o, '>:>.. 5 -4 to 16 X X X X 

X 

X 

X X Store Free-Stream 
Aerodynamic 

MK-84 (w) 1  Tip 
Extended 

90, 112.5 -4 to 16 X X X X X 

MK-84, 
SUU-54 

Hutructed, 
Extended 

0, 22.5 -4 to44<b) 
X X X X X X 

MK-84 1  Tip 
Kxtended 

0, 90 -4 to 44<b) 
X X X X X X 

Config. a, deg fl.deg 0, deg zP 
M. 

0.65 0.80 0.90 0.95 1.05 1.20 1.60 Type Data 

18 -2 to 16 0,4, 9 

4,9 

0 0 X X X 

X 

X 

Store Aerodynamic in 
Parent Aircraft Flow- 
Field 

19 -2 to 16 0 0 X X 

lw, llw(a) 0, 2, 4, 6 0 0 

0 

0 to 20(c) X X X X X 

2w. 12w 0, 2, 4, 6 0 0 to 20<c> X X 

X 

X 

lOw 0, 2, 4, 6 0 90 0 to 20<c> X X X X 

-- 
24w, 34w 1.2,4,6.8 0 0 0 to 20<c> X X X X 

Notes:    <a) 

<b) 
w   denotes wedge-shaped fins and strakes on MK-84. 

Max-Mm oB not reached at some Mach numbers because of balance limitations. 

'c' Max Zp not reached at some a's because of tunnel physical limitations. 
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Table 2.  Continued 
31 
Al 

Config. ir, dog fl.deg Xp Zp 
M. 

0.65 0.80 0.90 0.95 1.05 1.20 1.60 

41 -2,0,2, 4,6, 8 0 0,-8. 33 0 to 20(c> X X X F-4C Flow Field 

41 12 0 0, - 8. 33 0 to 20<c> X X 

41 16 0 0,-8.33 0 to 20(c> X 

42 -2,0,2.4,6,8 0 0,-8.33 0 to 20<c) 
X 

X 

X 

43 -2,0, 2,4,6, Ü 0 0,-8.33 0 to 20<c) 
X X X X X 

43 12 0 0, -8.33 0 to 20<c> X X X 

43 16 0 0,-8.33 0 to 20<c> X X 

44.47 -2,0. 10, 14 0 0.-4. 17, 
-8.33 

0 X X X 

45 -2,0, 10,14 9 0.83,-6.37 
-11.35 

0 X X X 
1 

54 0 0 0.-8.33 0 to 20<c) 
X X X X A-7D Flow Field 

54 2,4,6,8 0 0,-8.33 0 to 20(c) 
X X X 

54 12. 16 0 0,-8. 33 0 to 20<c> X 

57,58 -2,0, 12, IG 9 0.-4. 17, 
-8.33 

0 X X X 

o u 

Note: (c) Max Zp not reached at some a's because of tunnel physical limitations. 



Table 2. Continued 

Conrig. 
M. 

0. G5 0. 80 0.90 0.95 1.05 1.20 1.60 
Type Data 

1.11 
20KW>, 1.0<e> 
20K,   4.0 
25K,  4.8 

S. L. 
S. 1.,. 

.-0.6 

. 1.0 
hK, -1.0 
«OK. 1.0 
40K. 4. 0 

20K,-0. 4 
20K.-0. 6(45)(f> 

20K,-0. 4 
20K, -0  6(45) 

20K,-0. 4 
20K. 1.0 
40K, 3. 0 

35K, 0 
35K. 1   0 

Trajectory 
(F-4C) 

lw, 2w, 10w<a^ 5K,   2.0 
25K,  6.0 

5K, 0 
40K, 4. 0 

hK,   0 
40K.2  0 

  
2. 12 20K,  4.0 

20K, 8. 0 
25K.4. » 

S. 1.. 
S. 1.. 

, 1.0 
.1.6«») 

hK, 0 
20K, 3. 0<l> 
40K. 10.0 

20K, 0. 2 
20K, 0(45) 

20K, 0. 2 
20K.0(45) 

3, 13 5K, 0 
20K, 3. 0 
40K, 10.0 

20K, 0. 2<l> 
20K, 0145)'1' 

20K. 0. 2 
20K,0(45) 

4, 14 5K,-1.0 
20K, 1.0 
40K, 4. 0 

20K.-0. 4 
20K.-0. G(45) 

20K, -0.4 
20K, -0.6(45) 

20K, -0.4 
20K, 1.0 
40K, 3. 0 

35K, 0 
35K, 1.0 

5, 15 20K.4. 0 
20K, 8. 0 

5K, 0 
20K. 3. 0<»' 
40K, 10.0 

20K, 0. 2 
20K, 0(45) 

20K. 0. 2 
20K, 0(45) 

  
6, 16 5K,-1.0 

20K, 1.0 
40K, 4. 0 

20K, -0. 4 
20K. 1.0 
40K, 3.0 

35K.0 
35K, 1.0 

7, 17 5K.0 
20K, 3. 0 
40K, 10.0 

20K, 0. 2 20K, 0. 2 

8,9 20K, 4. 0 
20K. 8. 0 

5K, 0 
40K,10 

20K, 0. 2 
20K,0(45) 

10 20K, 1.0 
20K. 4. 0 

5K.-1.0 
40K, 4. 0 

20K, 1. 0 
40K. 3. 0 

Notes: w" denotes wedge-shaped fins and strakes on MK-84. 
Simulated altitude of trajectory. 

(a) 
(d) 
■*' Parent aircraft angle of attack. 
'_' Simulated aircraft dive angle,  deg (zero unless noted by number in parentheses). 
'" Tips-extended configuration not tested at this condition. 
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Table 2.  Concluded 

> 
m 
a 
o 
i 
H 
3D 
i 

O 
CO 

00 

Config. 

M„ 

0.65 0.80 0.90 0.95 1.05 1.20 1.G0 
ly[>e  Uata 

22,32 20K<d>, 3. 0<e> 

20K, 5. 0 
20K, 2. 8(30)"' 

5K, 1.5(l) 

20K, 3.5tl> 
35K, 5. 0 
20K, 2. 3(60) 

5K, l.sM 
20K, 3.5(l) 

35K, 5.0 
20K, 2. 3(60)<i> 

Trajectory 
(A-7D) 

21, 31 20K.5.5 
20K, 8. 7^) 
20K, 4. 9(30) 

5K, 2.5 
20K, 4. 4<1' 
35K, 8. 9*l> 

20K. 3. 3(60) 

5K, 2.5(i> 

20K, 4. 4(l) 

35K, 8. 9M 
20K, 3. 3(60) 

23. 33 5K, 1.5<l> 
20K, 3. 5 
35K, 5.0 
20K, 
■A. 3(60)<l> 

24w(a) 5K, 4. 0 
25K, 6. 0 

5K, 3. 0 
35K, 5.0 

5K, 2. 0 
35K, 4.0 

'  ' 

Notes: (a) 
(<» 

w" denotes wedge-shaped fins iind strakes on MK-84. 
Simulated altitude of trajectory, ft. 

(e) Parent aircraft anglp of attack,  deg. 
' ' Simulated aircraft dive angle,  (leg (zero unless noted by number in parentheses). 
'      Tip&-oxleiided configuration not tested at this condition. 
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Table 3.   F-4C Load Configurations 

1 Left-Wing Left-King Forward 
Centerline 

Pylon 

Forward Right-wing Right-Wing 
Configuration Outboard Inboard Left-Missile- Right-Missile- Inboard Outboard 

Py Ion Py] 

MK- 

Lon Well Pylon Well Pylon Pylon Pylon 

-84 

l.lw(a> Clean™ Tips 
Retracted 

Clean Clean Clean Bnpty<c) 
370-gal 

Fuel Tank 
(Metric) 

MK-84 

2,2v Empty 
Clean 

Tips 
Retracted 
(Metric) 

370-gal 
Fuel Tank 

MK-84 

3 
Tips 

Retracted 
600-gal 

Fuel Tank 
Empty Clean 

(Metric) 

4,4v ' 1 
i | 

Data Link 
Pod 

ALQ-131 

5 370-gal Terminal 
Clean 

Fuel Tank Threat 
1 Pod 

SUU-54 

6 Clean 
Tips 

Retracted 
Clean 370-gal 

Fuel Tank 
(Metric) 9 

SUU-54 

7 Empty Tips 
Retracted 
(Metric) 

MK-84 
1 Tip 

8 Extended 
<)> _ 0 

(Metric) 

MK-84 
1 Tip 

9,9w 

i 

Extended 
<p = 90 

(Metric) 

MK-84 
1 Tip 

10 Extended 
♦ - 0 

(Metric) 

Empty 

MK-84 
1 Tip 

lOw 

< 

Extended 
4-90 

(Metric) ' ■ 

1 1 
Empty 

1 

Notes: (a) "w" denotes wedge-shaped fins and strakes on MK-84. 
(b) Clean denotes pylon removed. 
(c) Empty denotes no store on pylon. 
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Table 3.  Concluded 

Configuration 

11,11* 

Left-Wing 
Outboard 
Pylon 

Left-Wing 
Inboard 
Pylon 

KR-84 
Tips 

Extended 
(Metric) 

Forward 
Left-Missile- 
Well Pylon 

Cente 
Pyl 

Cle 

rline 
on 

Forward 
Right-Missile- 

Well Pylon 

Right Wing 
Inboard 
Pylon 

Right-Wing 
Outboard 
Pylon 

Cl< ;an Clc an an Cle an Empty 
370-gal 

Fuel Tank 

12,12« Empty Clean 

MK-84 
Tips 

Extended 
(Metric) 

370-gal 
Fuel Tank 

13 

MK-84 
Tips 

Extended" 
(Metric) 

600-gal 
Fuel Tank Empty Clean 

14 1 Data Link 
Pod 

15 
370-gal 

Fuel Tank 1 

ALQ-131 
Terminal 
Threat 
Pod 

Cl ean 

16 Cl( :an 

SUU-54 
Tips 

Extended 
(Metric) 

Clc >an 370-gal 
Fuel Tank 

17 Empty 

SUU-54 
Tips 

Extended 
(Hetrie) 

370-gal 
Fuel Tank 

18 

MK-84 
Tips 

Retracted 
(Metric) 

Empty Clean 

19 Empty 

MK-84 
Tips 

Retracted 
(Metric) 

Clean 

41 Empty 
■ 

Conical 
Probe 
Survey 

370-gal 
Fuel Tank 

42 
Con 
Pr 
Sur 

Leal 
ibe 
vey 

Data Link 
Pod 

MK-84 
Tips 

Retracted 
(Dummy) 

Clean 

43 Clean Em| pty 370-gal 
Fuel Tank 

44 
■ 

Clean Cl ean 

45 Empty 
Conical 
Probe 
Survey 

47 1 Empty 
' 

Clean 
■\i 

Conical 
Probe 
Survey 

i 
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Table 4.  A-7D Load Configurations 

Left-wing Left-King Left-wing Right-wing Right-Wing Right-Wing 
Configuration Outboard Center Inboard inboard Center Outboard 

Pylon Pylon Pylon Pylon Pylon Pylon 

MK-84 
21 Bspfcyte) Empty Eiipty 300-gal Empty Tips. 

Fuel Tank Retracted' 
(Metric) 

MK-84 
22 Tips 

Retracted 
Empty 

(Metric) 
1 

i 

MK-84 
23 Empty Data Link 

Pod 
Tips 

Retracted 
(Metric) 

MK-84 MK-84 
24w(b) Tips Empty Tips Empty 

Retracted Retracted 
(Dummy) (Metric) 

MK-84 
31 Empty 300-gal Ernnty Tips 

Fuel Tank Extended 
(Metric) 

MK-84 
32 Tips Empty 

Extended 
(Metric) 

MK-84 
33 Empty ' Data Link 

Pod 
* 

Tips 
Extended 
(Metric) 

MK-84 MK-84 
1 

1 

34w Tips Empty Tips Eirpty 
Retracted Extended 
(Dummy) 

1 
(Metric) 

300-gal Conical 
. 54 Fuel Tank Probe 

Survey 
I 

57 Empty Empty 
1 

\ 

Conical 
58 1 

Probe \ ■ Empty 
Survey 1 i 

Notes:   (a) Empty denotes no store on pylon. 

(b) "w" denotes wedge-shaped fins and strakes on MK-84. 
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Table 5.   Full-Scale Store Parameters Used in Trajectory Calculations 

Sym Parameter 

Store 

MK-84(w)<a) 
Tips Retracted 

and 
1 Tip Extended 

MK-84 
Tips Retracted 

and 
1 Tip Extended 

MK-84 
Tips Extended 

SUU-54 
Tips Retracted 

SUD-54 
Tips Extended 

S Store Reference Area, ft? 1.766 1.766 1.766 1.766 1.766 

b Store Reference Width, ft 1.500 1.500 1.500 1.500 1.500 

I*x Moment of Inertia, slug-ft2 39.0 45.7 50.6 51.5 57.0 

Iyy Moment of Inertia, slug-ft2 638.3 699.0 702.1 696.4 699.8 

*zz Moment of Inertia, slug-ft2 638.3 698.7 702.2 694.4 697.8 

% Fitch-Damping Derivative, per radian -736 -763 -979 -718 -950 

C-r Yaw-Damping Derivative, per radian -736 -763 -979 -718 -950 

C*p Roll-Damping Derivative, per radian -52 -51 -177 -47 -177 

"eg Center-of-Gravity Location from Nose, ft 7.25 7.19 7.19 7.49 7.49 

Zcg Center-of-Cravity Location above Centerline, ft 0 0 0 0.05 0.05 

m Mass, slug 77.97 80.32 80.32 83.72 83.72 

Hx Forward Ejector Force, lb 4060 4060 4060 4060 4060 

FZ2 Aft Ejector Force, lb 4060 4060 4060 4060 4060 

XL, Forward Ejector Piston Location, ft 0.998 0.940 0.940 0.865 0.865 

*L2 Aft Ejector Piston Location, ft -0.668 -0.727 -0.727 -0.802 -0.802 

ZE Ejector Stroke Length, ft 0.375 0.375 0.375 0.375 0.375 

> 
m 
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Note: (a) "w" denotes wedge-shaped fins and strakes on MK-84. 



Table 6. Adjustments to the Pitching-Moment and Yawing-Moment Coefficients for Trajectory Calculations 

Store Sym 
Value at M« 

0.65 0.80 0.90 0.95 1.05 1.20 1.60 

MK-84(w)<a> 
Tips Retracted and 
1 Tip Extended 

AXcg 0 0 0 0 0 0 0 

S> 

s, ■< ■ * 

1' ' * '' 1 ' 

MK-84 Tips 
Retracted and 
1 Tip Extended 

^cg 0 0 0 0 0 0 -0.070 

S, 0.27 0.18 0.25 0.31 0.40 0.06 -0.01 

Cn0 
-0.15 -0.11 -0.08 -0.19 -0.20 -0.09 -0.25 

MK-84 
Tips Extended 

^cg 0 0 0 0.105 0.150 0 0 

S, 0.13 0.12 -0.22 0.01 0.11 -0.44 0.06 

C"n -0.10 -0.04 0.02 -0.07 -0.10 -0.19 -0.12 

SUU-54 
Tips Retracted 

AXcg -0.138 -0.153 -0.250 -0.250 -0.305 -0.110 -0.255 

S, 0.26 0.21 0.18 0.30 0.46 0.16 -0.09 

cn "o 0.02 -0.02 -0.17 -0.11 -0.08 -0.10 -0.05 

SUU-54 
Tips Extended 

*&cS 
0 0 0 0 0.055 0 -0.110 

S. 0.13 0.16 0.03 0.05 0.36 -0.13 0.31 

c 0.06 0.08 -0.06 -0.02 -0.05 0.05 -0.02 

Note:  "w" denotes wedge-shaped fins and strakes on MK-84. 
o u 
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NOMENCLATURE 

BL Aircraft buttock line from plane of symmetry, in., model scale 

b Store reference dimension, ft, full scale 

CA Store measured axial-force coefficient, axial force/qJ3 

Q> Store rolling-moment coefficient, rolling moment/q_Sb 

Cg Store roll-damping derivative, dCg/d(pb/2VJ 

Cm Store pitching-moment coefficient, referenced to the store eg, pitching 
moment/qJSb 

Cm0 Store  pitching-moment  coefficient  correction,   difference  in  measured 
pitching-moment coefficients for 0.25-scale and 0.05-scale models at as = 
0 

Cm Store pitch-damping derivative, dCm/d(qb/2VJ 

Cma Store pitching-moment coefficient derivative, 3Cm/3as, per degree 

CN Store normal-force coefficient, normal force/q^S 

Cjsja Store normal-force coefficient derivative, dC^/das, per degree 

Cn Store    yawing-moment    coefficient,    referenced    to    the    store    eg, 
ya wing-mo ment/qJSb 

Cn0 Store   yawing-mo'ment   coefficient   correction,   difference   in   measured 
yawing-moment coefficients for 0.25-scale and 0.05-scale models at as = 
0 

C„r Store yaw-damping derivative, dCn/d(rb/2V0<) 

Cy Store side-force coefficient, side force/qJJ 

FS Aircraft fuselage station, in., model scale 

Fzj Forward ejector force, lb 

Fz2 Aft ejector force, lb 

Ixx Full-scale moment of inertia about the store XB axis, slug-ft2 
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Iyy Full-scale moment of inertia about the store YB axis, slug-ft2 

lzx Full-scale moment of inertia about the store ZB axis, slug-ft2 

MB Free-stream Mach number 

m Full-scale store mass, slugs 

p Store angular velocity about the XB axis, radians/sec 

pt Free-stream total pressure, psfa 

p^ Free-stream static pressure, psfa 

q Store angular velocity about the YB axis, radians/sec 

q^ Free-stream dynamic pressure, psf 

Re,. Free-stream unit Reynolds number, per ft 

r Store angular velocity about the ZB axis, radians/sec 

S Store reference area, ft2, full scale 

Tt Free-stream total temperature, °R 

t Real trajectory time from initiation of trajectory, sec 

VL' Local velocity vector, ft/sec (see Fig. 13) 

Vx Component of local velocity along probe Xp axis, ft/sec (see-Fig. 13) 

VXY Component of local velocity in probe Xp-Yp plane, ft/sec (see Fig. 13) 

Vxz Component of local velocity in probe Xp-Zp plane, ft/sec (see Fig. 13) 

Vy Component of local velocity along probe Yp axis, ft/sec (see Fig. 13) 

Vz Component of local velocity along probe Zp axis, ft/sec (see Fig. 13) 

VM Free-stream velocity, ft/sec 

WL Aircraft waterline from reference horizontal plane, in., model scale 

X Separation distance of the store eg parallel to the flight axis system XF 

direction, ft, full scale measured from the prelaunch position 
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Xcg Full-scale eg location, ft from nose of store 

AXcg Store moment reference correction factor, in., model scale, positive for 
forward movement 

XL j Forward ejector location relative to the store eg, positive forward of store 
eg, ft, full scale 

XL 2 Aft ejector piston location relative to the store eg, positive forward of store 
eg, ft, full scale 

Y Separation distance of the store eg parallel to the flight axis system Yp 
direction, ft, full scale measured from the prelaunch position 

Z Separation distance of the store eg parallel to the flight-axis system ZF 

direction, ft, full scale measured from the prelaunch position 

Zcg Full-scale eg location, ft, above centerline of store 

ZE Ejector stroke, ft 

a Parent-aircraft model angle of attack relative to the free-stream velocity 
vector, deg 

a, Store model angle of attack relative to the free-stream velocity vector, deg 

axY Angle between VXy  and Vx> deg (see Fig. 13) 

a\z Angle between Vxz and Vx, deg (see Fig. 13) 

ß Parent-aircraft  model  sideslip angle relative to the free-stream velocity 
vector, deg 

y Simulated parent-aircraft dive angle; angle between the flight direction and 
the earth horizontal, deg, positive for decreasing altitude 

8 Angle between the store longitudinal axis and its projection in the Xp-Yp 
*■- plane, positive when store nose is raised as seen by the pilot, deg 

0 Angle between the projection of the store lateral axis in the Yp-Zp plane 
and the YF  axis, positive for clockwise rotation when looking upstream, 
deg 

i> Angle between the projection of the store longitudinal axis in the Xp-Yp 
plane and the Xp axis, positive when the store nose is to the right as seen by 
the pilot, deg 
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FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the free-stream wind vector, positive direction is forward as seen 
by the pilot 

Yp Perpendicular to the Xp and ZF directions, positive direction is to the right 
as seen by the pilot 

ZF In the aircraft plane of symmetry, perpendicular to the free-stream wind 
vector, positive direction is downward 

The flight-axis system origin is coincident with the aircraft eg and remains fixed with 
respect to the parent aircraft during store separation. The Xp, Yp, and ZF coordinate 
axes do not rotate with respect to the initial flight direction and attitude. 

STORE BODY-AXIS SYSTEM COORDINATES 

Directions 

XB...   < Parallel to the store longitudinal axis, positive direction is upstream in the 
prelaunch position 

YB Perpendicular to the store longitudinal axis, and parallel to the flight-axis 
system Xp-Yp plane when the store is at zero roll angle, positive direction 
is to the right looking upstream when the store is at zero yaw and roll 
angles 

ZB Perpendicular to both the XB and YB axes, positive direction is downward 
as seen by the pilot when the store is at zero pitch and roll angles. 

The store body-axis system origin is coincident with the store eg and moves with 
the störe during separation from the parent airplane. The XB, YB, and ZB coordinate 
axes rotate with the store in pitch, yaw, and roll so that mass moments of inertia about 
the three axes are not time-varying quantities. 

PYLON-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the store (or probe) longitudinal axis in the prelaunch carriage 
position, positive direction is forward as seen by the pilot 
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Yp Perpendicular to the Xp axis and parallel to the flight-axis system XF-Yp 
plane, positive direction is to the right as seen by the pilot 

Zp Perpendicular to both the Xp and YP axes, positive direction is downward 

For the aerodynamic loads test phase, the pylon-axis system origin is coincident with 
the store eg in the prelaunch carriage position. For the flow-field test phase, the pylon-axis 
system origin (see Fig. 13) is defined as follows: 

a. Wing pylons (F-4C and A-7D) 

Point in space 1.15 in. (model scale) aft of the store nose and on 
the store centerline of the MK-84 store in the pylon-carriage position. 

b. Centerline (F-4C) 

Point in space at the store nose and on the store centerline of the 
data link pod in the centerline carriage position. 

The axes are rotated with respect to the flight-axis system by the prelaunch yaw and 
pitch angles of the store or probe. Both the origin and the direction of the coordinate 
axes remain fixed with respect to the flight-axis system throughout the trajectory. 
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